CRS Sales: Abengoa's Molten Salt Pilot Power Tower Plant Celebrates One Year of Uninterrupted Operation  by Montero, C. et al.
 Energy Procedia  49 ( 2014 )  488 – 497 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2013 C. Montero. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer review by the scientifi c conference committee of SolarPACES 2013 under responsibility of PSE AG. 
Final manuscript published as received without editorial corrections. 
doi: 10.1016/j.egypro.2014.03.052 
SolarPACES 2013 
CRS Sales: Abengoa’s molten salt pilot power tower plant 
celebrates one year of uninterrupted operation 
C. Monteroa,  R. Navíob, P.Llorentec, MC.Romerod, J.Martíneze 
a Mechanical Engineer from USE Sevilla. Abengoa Solar NT.  cristina.montero@solar.abengoa.com 
b Mechanical Engineer from UPM Madrid. Abengoa Solar NT. Calle Energía Solar, 1, Sevilla 41014, Spain. +34954937111.  
raul.navio@solar.abengoa.com 
c Chemical Engineer from URJC Madrid. Abengoa Solar NT.   paula.llorente@solar.abengoa.com  
d Chemical Engineer from URJC Madrid. Abengoa Solar NT.   mariadc.romero@solar.abengoa.com  
e Mechanical Engineer from USE Sevilla. Abengoa Solar NT.  jose.martinez@solar.abengoa.com 
Abstract 
The Abengoa solar thermal power tower demonstration plant, using molten salts at 565 ºC as fluid, has been operating 
uninterruptedly for one year. The plant, which became fully operational in late August 2012, is continuing the program to test 
operation at different temperatures in a manner similar to that of a commercial plant 7 days a week. With this plant, the 
functioning of a solar receiver with molten salt as heat transfer fluid will be tested and validated. In addition, proving of the 
feasibility and efficiency of the generation of superheated steam from the flow of molten salt in a steam generator will be 
possible. 
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1. Background 
The basic principle of power tower plants is to convert primary solar energy into electrical energy using a field of 
heliostats, a solar receiver located at the top of a tower, a system for storing the thermal energy, a steam generation 
system and a power block. 
“CRS Sales” demonstration project based on molten salt solar power tower technology inherited the lessons 
learned from the previous operating experience such as the 10 MWe “Solar Two” central receiver operated from 
April 1996 to April 1999 in California (U.S.) [1].  
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Besides the technological background in the U.S., both Sener, Abengoa Solar’s competitor, and Ciemat, public 
Spanish research organism, signed an agreement for developing and testing a prototype receiver module, about 4 
MWth, as a component acceptance milestone in Solar Tres construction in Seville (Spain), which is the first 
commercial-scale plant in the world to apply central tower receiver and molten salt heat storage technology [2]. 
According to solar experts estimates, Central Receiver Solar power plants with molten-salt storage are, even at 
the design stage, the winning-choice for solar thermal power plants, in terms of energy efficiency, cost per unit 
produced, and surface required for power production. For all these reasons, Abengoa decided to bet strongly on this 
type of technology solving the difficulties this technology presents nowadays. 
“CRS Sales” molten salt demonstration project, developed by Abengoa Solar in Solúcar Solar Complex in Seville 
(Spain), arises as a result of the continuous Abengoa Solar’s efforts to reach higher temperatures in the receiver 
without the need to increase the operating pressure as would be required with water/steam technology and 
consequently, to lead to greater efficiency in the thermodynamic cycle. 
This pilot plant celebrated one year of uninterrupted operation in May 2013, achieving a total of 820 hours of 
operation. It is relevant to say that this R&D project, cofinanced by the “Centro para el Desarrollo Industrial 
(CDTI)”, Spanish governmental institution; has been possible thank to European Union grants (Feder funds).  
2. “CRS Sales” project: molten salt power tower demonstration plant description 
The main objective of “CRS Sales” project is to test the molten salt receiver prototype. Therefore, the process 
flow diagram varies significantly in relation to the one used for a molten salt commercial power plant as the 
following figure 1 shows. 
 
Fig. 1. Molten salt commercial power tower plant process schematic. 
“CRS Sales” demonstration plant consists of a closed circuit where the molten salt is pumped at low temperature 
(290 °C) from the storage tank to the mixer tank and not directly to the receiver as occurs in a commercial plant. The 
mixer tank is a deposit situated on the top of the tower, above the receiver prototype, which collects cold salt from 
the storage tank as well as a part of the hot molten salt from the receiver outlet (recirculation steam) mixing them 
together inside. Then, this said mixture is introduced in the receiver. The distribution of the molten salt mass flow 
between East and West panels is carried out using control valves on the upper part. It depends on the incident solar 
radiation power in the panels over time in order to ensure the same gradient temperature in both parts of the receiver 
during operation. This design allows the receiver prototype to operate at different inlet temperatures simulating 
different panels of a commercial central receiver. 
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The receiver prototype is located at 55 m height. The solar radiation is concentrated by the solar field onto the 
absorber of the receiver transferring the heat to the molten salts used as working fluid. When the temperature at the 
outlet of the receiver increases, part of the molten salt mass flow is sent to the steam generator to produce 
superheated steam and the rest returned to the mixer tank as explained before.  
No electricity is generated by the superheated steam and no thermal energy is stored, thus either power block or a 
storage system, based on two tanks (cold/hot tanks), is required in this demonstration plant.  
The molten salt inventory consists of 60 tonnes of a binary mixture of nitrate salts (60 wt% NaNO3 and 40 wt% 
KNO3). In order to avoid the effects of corrosion on the material containers, receiver prototype and components, a 
nitrate salts with technical grade were demanded. Initially, the binary mixture of molten salts is melted at 220 °C in 
an electrical oven during three days until the entire solid bulk inventory has been melted and installed in the storage 
tank. This eutectic mixture melts at 220°C approximately and is thermally stable to 600 °C. 
The receiver prototype, designed exclusively by Abengoa Solar, is installed at the top of the tower inside a cavity 
with the aim of minimizing thermal losses due to radiation or convection and maximizing the capture of solar 
radiation by the heliostat field. Its configuration is in a semi cylindrical shape composed of four panels (two East 
panels and two West panels) which are formed of a combination of vertical tubes with a small thickness in order to 
increase the heat transferred to the heat transfer fluid (molten salts).  
The up to 5 MW thermal receiver prototype was manufactured with alloy steel capable of withstanding high 
concentrated radiation fluxes and temperatures. The metal tube temperatures, that means the surface temperature of 
the receiver, is monitoring by an infrared thermography camera located in the middle of the solar field.  
The figure 2 shows a thermography photograph of the metal temperature reached on the receiver during operation 
as an example.  
 
Fig. 2. Metal receiver temperatures captured by a thermography camera during operation. 
This method allows to the operators identify if the receiver is preheating (300 °C) before filling it up with molten 
salt in order to avoid blockages in the tubes or to increase the speed of the recirculation pump or what is the same to 
pass more mass flow through the receiver, before defocusing heliostats if the metal temperature is close to the 
maximum temperature design (700 °C). 
The solar field comprises 88 heliostats of 120 m2. This field was designed to provide 5 MW thermal and a 
maximum peak flux of 1000 W/m2 along a standard year in Seville. Most of the heliostats are the same that 
Abengoa`s commercial plants use. However some of them have a different mechanism in order to reduce their cost 
for future commercial power tower plants. The figure 3 shows a photograph of the heliostats focus on the receiver. 
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Fig. 3. Photograph of the “CRS Sales” heliostats focus on the molten salt receiver cavity. 
Once, the mixture of molten salts is heated in the receiver, up to 565 °C in nominal conditions, flows to the steam 
generator system through the downcomer line where the hot molten salts transfer their heat to the water to produce, 
firstly, saturated steam at 90 bar pressure in the evaporator, especially designed to withstand a high temperature 
gradient; and then superheated steam at 540 °C in the superheater. Finally, the superheated steam is conducted to the 
air condenser where it is cooled and returned to the deareator closing the water cycle. The molten salts cooled at 290 
°C goes out to the evaporator to the storage tank again. 
3. Operation procedure  
The Abengoa solar thermal power tower demonstration plant, using molten salts at 565 ºC as fluid, has been 
operating uninterruptedly for one year. The plant, which became fully operational in late August 2012, is continuing 
the program to test operation at different temperatures in a manner similar to that of a commercial plant 7 days a 
week. With this plant, the functioning of a solar receiver with molten salt as heat transfer fluid will be tested and 
validated. In addition, proving of the feasibility and efficiency of the generation of superheated steam from the flow 
of molten salt in a steam generator will be possible. 
During the daily operation, four phases can be distinguished: preheating, filling up, operation and drainage. Next, 
the procedure that has been carried out since the end of the commissioning phase is briefly described in order to be 
able to understand the experimental results and operation curves. 
Before the preheating phase, the operators check the temperatures of the heat tracing system in the lines and 
valves, switch on the electrical resistances, and also check the temperatures in the receiver oven boxes, in order to 
assure that the minimum temperature is reached, above 270 ºC, avoiding possible molten-salt blocks in pipes. After 
that, the operators align the valves correctly to start the preheating mode. 
During the preheating phase, the whole solar field is focused on the receiver when sunrise (5 W/m2) up to reach a 
stable and homogenous surface metal temperature in all the zones of the prototype. The preheating time from room 
temperature to 300 °C approximately on the receiver mainly depends on the operator experience and the season of 
the year. Once the preheating phase conditions are fulfilled and checked, the filling up procedure begins. The filling 
process is realized from the bottom to the top of the system up to flood completely the receiver with molten salts by 
means of the molten salt feed pump installed in the storage tank. 
The normal operation consists of operating the pilot plant keeping the nominal conditions at the receiver outlet 
(565 °C) without increasing the mixer tank level in order to produce superheated steam at 90 bar and 540 °C as 
much time as possible while there is enough solar resource. 
The drainage phase starts when the direct normal irradiation is below 200 W/m2. Molten salt lines have a slight 
slope to allow the free draining through the downcomer line, steam generator system and riser line up to the storage 
tank until the next operational day. 
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4. Goals of the evaluation tests  
Right now, the experimental tests carried out in the molten salt power tower demonstration plant “CRS Sales” 
point to the following three main aspects: 
▪ Evaluation of the prototype receiver efficiency 
The receiver was designed with the following objectives: first, to allow operation during transient days and, 
second, to validate its operation for a commercial plant. The design of said receiver has been the subject of a patent 
application filed by Abengoa Solar titled “Molten salt solar panel and method for reducing the thermal gradient of 
said panel”. This invention was patented internationally in July 2011 with the following reference number (WO 
2011/086215 A1) [3]. 
The main goal is to test the receiver at different temperatures in order to simulate the different panels of a 
commercial plant. Three temperature ranges have been established between 300 °C and 565 °C in order to estimate 
the receiver efficiency as a function of the solar field power and metal temperature. 
▪ Evaluation of the steam generator system efficiency 
The objective in this case is to test the steam generator system in order to determine the heat transfer coefficient 
at different loads and maximize the steam generator efficiency to produce superheated steam at 540 °C and 90 bar. 
▪ Evaluation of the electrical self-consumption  
Several tests have been done in order to minimize the self-consumption of the pilot plant coming from the heat 
tracing system installed in lines mainly and find a viable operational strategy to reducing them in a molten salt 
commercial power tower plant. These tests have consisted in firstly turning off the electrical tracing as long as 
possible and then when the lines are cooling down, overcoming up to the temperature set point and maintaining this 
temperature up to starting the operation again.  
Additionally, the daily operation allows Abengoa Solar to get valuable results for the evaluation of the critical 
components such as molten salt pumps, valves, the heat tracing system and instruments and also study their 
degradation along the time due to molten salt corrosion processes. 
5. Main milestones achieved in “CRS Sales” project 
• High controllability under transient conditions avoiding thermal stress in tubes and increasing the receiver 
efficiency more than 85 %. 
• Implementation of a robust control and safety/security systems which have allowed to minimize the personal risks 
and assured a proper working of the installation. 
• Reduction of the filling up and preheating time achieving faster start-ups and consequently, a better solar resource 
use. 
6. Operation curves 
The following figures show operation curves for different days, two of them with high and stable direct 
irradiance (3rd of January and 17th of April) and the other one represents a transient state (4th of May) as an examples 
of the “CRS Sales” project’s daily operation. Two figures are plotted for each day chosen.  
In the first figures (figures 4, 6 and 8), the molten salt and the steam mass flow values (kg/s) together with the 
steam superheated pressure (bar) can be read in the right scale. The other variables are represented in the left axis: 
the Direct Normal Irradiance (W/m2), the inlet steam generator temperature (ºC) and the outlet receiver temperature 
of molten salt (ºC). 
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In the second ones (figures 5, 7 and 9), the Direct Normal Irradiance (W/m2), the outlet and inlet receiver 
temperature (ºC), the average mixer temperature (ºC) are represented in the left axis. On the other hand, the values 
of the total number of heliostats can be read in the right scale except in the last figure (fig. 9) in order to see these 
values more clear. 
                           
       Fig. 4. Operation curve nº 1, 3rd of January 2013.                       Fig. 5. Operation curve nº 2, 3rd of January 2013. 
 
                 
Fig. 6. Operation curve nº 1, 17th of April 2013.                       Fig. 7. Operation curve nº 2, 17th of April 2013. 
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     Fig. 8. Operation curve nº 1, 4th of May 2013.                                         Fig. 9. Operation curve nº 2, 4th of May 2013. 
 
7. Results and discussion 
According to the operation curves nº 1 show in the previous section, the outlet superheated steam and the inlet 
molten salt steam generator temperatures are very close for all the cases studied, thus the steam generator efficiency 
is high.  
Besides, the nominal conditions are reached and kept stable in the steam generator system, 540 °C and 90 bar, 
when there are not transient conditions (17th of April) and reasonably constant when some clouds appear (4th of 
May) during the operation period which is logically longer in spring than in winter.  
The operation curves nº 2 show the maximum gradient of molten salt temperature at the receiver prototype, that 
mean the difference between the outlet and the inlet molten salt receiver temperature. As it said before, the operation 
strategy established is to operate the receiver at three temperature ranges, between 300 °C and 565 °C, simulating 
the different panels of a commercial plant. All the examples are referring to high receiver temperature due to the 
next temperature intervals are being currently carried out. 
The higher operating receiver temperature is, the lower temperature gradient gets and consequently, the lower 
receiver efficiency measures. For high receiver temperature, 530 °C approximately, the maximum temperature 
gradient achieved is around 40 °C. 
It is expected that the receiver efficiency increases more than 85 % and the maximum gradient up to 100 ºC at 
least when the receiver temperature operates at low temperature, simulating the first panels of a commercial power 
tower plant.  
In the following figure (figure 10) is shown the number of heliostats which are focused and defocused in a 
normal operation day (17th of April 2013) for the preheating period. Next, in the figures 11, 12, 13 and 14 are 
represented the metal temperatures obtained with the thermography camera in each panel of the receiver prototype. 
In these figures, it can be distinguished perfectly when the panels are filling up with molten salt due to the 
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temperature metal drops faster producing a sharp peak at 9:00 a.m approximately. 
The Direct Normal Irradiance (DNI) is represented by a continuous black line and its values are read in the left 
axis. The number of heliostat focused corresponds to the plus symbols and is represented in the right scale. 
 
Fig. 10. Number of heliostats focuses along an operation day (17th of April 2013). 
The thermal camera control system calculates the maximum and the mean tube metal temperature in each of the 
six zones in which each panel of the receiver is split up. Each color line represents a different metal temperature for 
each zone. 
Fig. 11, 12, 13 and 14. From the left to the right and from the top to the bottom, mean tube metal temperatures of the external East panel, of the 
internal East panel, of the internal West panel and of the external West panel during the operating period (17th of April). 
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The pilot plant, following the general operating procedure, is stopped when the Direct Normal Irradiance is less 
than 200 W/m2 as it is represented in the figure 15. At that moment, both molten salt pumps stop.The Direct Normal 
Irradiance is plotted in dark blue, the speed of the recirculation pump is represented by the green line and the speed 
of the molten salt feed pump corresponds to the red line. The inlet and outlet receiver temperatures are the blue and 
grey lines accordingly. 
In terms of heat tracing operation optimization, several experiments are being performed to decrease the overall 
electrical consumption. These experiments are mainly based on a non-continuous operation of the electrical tracing, 
by letting cool down the lines after operation during periods of time compatible with the next-day operation. By 
stretching out the de-energized time of the heat tracing, its consumption may be reduced from a 15% to a 30%. 
Figure 16 shows the heat tracing circuit temperatures of the riser pipe along the time line. 
 
Fig. 15. Outlet receiver temperatures and speed of the recirculation pump (17th of April). 
 
Fig. 16. From 3 h - 4 h - 5 h to 6 h cooling down experiments along the riser line. 
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8. Conclusions 
• “CRS Sales” project, a molten salt power tower pilot plant, has been operating uninturruptedly since the last year, 
accumulating more than 820 hours, evidence of the technical viability and feasibility this type of technology has.  
• High controllability even under transient conditions has been achieved thank to a correct operation. 
• High steam generator efficiency at different loads  has been proved experimentally. 
• Molten salt receiver prototype is being tested at different temperatures, simulating the different panels of a 
commercial plant.  
• It is possible to reduce up to 30 % the electrical heat tracing consumption following an appropiate operating 
strategy, consisting of letting the lines cool down instead of maintaining the set point temperature during non-
operating periods. 
9. Future works 
Over the past year, the different models of efficiency achieved have been validated, experience in operating 
plants employing this technology has been gained, and work has been conducted on preparing the commercial 
introduction of several improvements. In addition, it has been found that this technology can offer several 
advantages in certain geographies with very high energy storage needs. 
In this regard, “CRS Sales”, a molten salt power tower pilot plant, is an important milestone reached this year for 
Abengoa Solar R&D department, concentrating its resources and efforts on meeting the challenges this type of 
technology presents in order to build future molten salt commercial plants worldwide. 
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